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1
SCHEDULER FOR MEMORY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a Continuation Application of U.S.
application Ser. No. 13/484,337, filed May 31, 2012, which
claims the benefit of Korean Patent Application No.

10-2011-0054141 filed on Jun. 3, 2011, the subject matter of
which 1s hereby incorporated by reference.

BACKGROUND OF THE INVENTION

The 1nventive concept relates to memory devices,
memory systems, and computational systems incorporating,
memory systems. More particularly, the mventive concept
relates to memories and memory devices including a sched-
uler.

Contemporary memory devices operate to write data into
memory and/or read data from the memory in response to
operation requests received from a controller, such as a
Central Processing Unit (CPU), a processor, a memory
controller, etc. Within a memory system, each memory
device may receive multiple operation requests. Accord-
ingly, a specialized circuit and/or software routine hereatter
referred to as “a scheduler” 1s provided to efliciently control
the receipt and execution of multiple operation requests.

SUMMARY OF THE INVENTION

Embodiments of the inventive concept provide a sched-
uler capable of efliciently scheduling operation requests to
be executed within a memory, such as a flash memory.

According to an aspect of the imnventive concept, there 1s
provided a scheduler operating to control execution within a
memory of at least one operation request received 1n an input
request set (IRS), wherein each operation request in the IRS
includes a corresponding logical address, the memory
including a plurality of zones and each zone including a
plurality of blocks having neighboring logical addresses, the
scheduler comprising; a plurality of zone standby units
having a one-to-one relationship with the plurality of zones,
wherein each of the plurality of zone standby units 1s
respectively configured to store an operation request
received 1n the IRS and having a logical address indicating
a corresponding zone, and an output processing unit con-
figured to determine a processing sequence of the plurality
ol zone standby units, recerve at least one operation request
stored 1n the plurality of zone standby units on the basis of
the processing sequence, and provide an output request set
(ORS) comprising the at least one operation request
arranged on the basis of the processing sequence.

According to another aspect of the mventive concept,
there 1s provided a device comprising; a memory including,
a plurality of zones, each zone including a plurality of blocks
having neighboring logical addresses, and a scheduler oper-
ating to control execution within the memory of at least one
operation request received 1 an input request set (IRS),
wherein each operation request in the IRS includes a cor-
responding logical address. The scheduler includes a plu-
rality of zone standby units having a one-to-one relationship
with the plurality of zones, wherein each of the plurality of
zone standby units 1s respectively configured to store an
operation request received in the IRS and having a logical
address indicating a corresponding zone, and an output
processing unit configured to determine a processing
sequence for the plurality of zone standby units and provide
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2

at least one operation request 1n sequence as an output
request set (ORS), wherein the sequence of the at least one
operation request 1n the ORS 1s determined by the process-
Ing sequence.

BRIEF DESCRIPTION OF THE DRAWINGS

Certain embodiments of the inventive concept will be
more readily appreciated upon review of the accompanying
drawings with the following detailed description. In the
drawings,

FIG. 1 illustrates one possible logical configuration for a
memory included 1n a memory device;

FIG. 2 1s a block diagram 1illustrating a scheduler for a
memory device according to an embodiment of the inventive
concept;

FIG. 3 illustrates one possible scheduling method that
may be performed by the scheduler of FIG. 2;

FIG. 4 further 1llustrates one particular output request set
ORS that may be provided by the scheduler of FIG. 2 as
operated in the context of scheduling method of FIG. 2;

FIGS. 5 and 6 illustrate certain dynamic allocation(s)
associated with the zone standby units and related memory
zones of a memory according to embodiments of the inven-
tive concept;

FIG. 7 illustrates one possible output request set ORS that
may be provide by the scheduler of FIG. 3;

FIG. 8 illustrates another possible logical configuration
for a memory included 1n a memory device;

FIG. 9 15 a block diagram illustrating a scheduler accord-
ing to another embodiment of the mventive concept;

FIG. 10 1llustrates one possible scheduling method that
may be performed by the scheduler of FIG. 9;

FIGS. 11, 12 and 13 collectively illustrate another sched-
uling method that may be performed by the scheduler of
FIG. 9;

FIG. 14 further illustrates an execution sequence for
request operations by the schedule of FIG. 9 as operated
according to the scheduling method described 1n relation to
FIGS. 11, 12 and 13;

FIGS. 15 and 16 illustrate yet another scheduling method
that may be performed by certain schedulers;

FIG. 17 1s a diagram 1illustrating a solid state drive (SSD)
that includes a scheduler according to an embodiment of the
inventive concept;

FIG. 18 illustrates one possible physical configuration for
a memory operated 1n conjunction with a scheduler accord-
ing to an embodiment of the mventive concept;

FIG. 19 1s a block diagram illustrating a computational
system 1ncluding a memory and memory device (e.g., a
SSD) that 1s operated using a scheduler according to an
embodiment of the inventive concept; and

FIGS. 20 and 21 are block diagrams respectively illus-
trating network system(s) including a memory and memory
device operated using a scheduler according to an embodi-
ment of the mventive concept.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(L]

Reference will now be made in some additional detail to
certain embodiments illustrated 1n the accompanying draw-
ings. Throughout the written description and drawings, like
reference numbers and labels denote like or similar ele-
ments. In this regard, the embodiments of the inventive
concept may have different forms and should not be con-
strued as being limited to only the illustrated examples.
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Accordingly, the illustrated embodiments should be under-
stood as examples selected to teach the making and use of
the iventive concept.

Figure (FIG.) 1 illustrates one possible logical configu-
ration for a memory (MEM) included mm an exemplary
memory device. As working examples, the memory of FIG.
1 may be flash memory, and the memory device including
the memory may be a Solid State Drive (SSD).

Referring to FIG. 1, the memory 1s arranged according to
a plurality of logical (or virtual) blocks (BLs). Each block
BL corresponds to one logical address (AD) ranging from 1
to m+10, where m 1s a natural number.

Multiple blocks BLs having neighboring (e.g., sequen-
tially proximate) logical addresses may be grouped into a
zone (ZN). Therefore, the memory of FIG. 1 may be said to
include a plurality of zones Z1 to ZM, where M 1s a natural
number. Each of the zones Z1 to ZM 1includes a plurality of
blocks BLs, and logical addresses ADs of the blocks BLs
included in a particular zone are sequentially arranged to
cach other. Each one of the plurality of blocks BLs 1is
included in at least one of the zones Z1 to ZM.

In the illustrated example of FIG. 1, each of the zones 71
to ZM 1ncludes ten (10) neighboring blocks BLs, however
the number of neighboring blocks included in one zone may
be variously defined.

It 1s further assumed that each block BL 1s a base unit to
which a particular operation request, such as a write opera-
tion or a read operation, may be directed. The write request
may include a write command, address information, and
write data. The read request may include a read command
and address information. The address information indicates
a logical address of a block BL identified by the operation
request.

A memory device including the memory will perform an
operation indicated by the operation request. When the
operation request 1s a write request, the memory device
performs a write operation for write data directed to a block
BL having a logical address indicated by the address infor-
mation 1n response to the write request. When the operation
request 1s a read request, the memory device performs a read
operation associated with read data obtained from a block
BL having a logical address indicated by the address infor-
mation 1n response to the read request.

Herein, for the write operation and read operation to be
actually performed in the memory device, an address con-
version operation may be performed to convert the logical
address 1indicated by address information into a correspond-
ing physical address of the memory. One possible physical
configuration and relationship between a logical address and
a corresponding physical address are described hereaiter 1in
some additional detail.

FI1G. 2 15 a block diagram illustrating a scheduler 100 that
may be used 1n conjunction with a memory device according,
to an embodiment of the inventive concept. The scheduler
100 of FIG. 2 may be used to schedule operation request(s)
directed to the memory device, assumed to include the
memory of FIG. 1.

Referring to FIG. 2, the scheduler 100 generally com-
prises a standby unit 110, an mput processing unit 120, and
an output processing unit 130.

The scheduler 100 receives an mput request set (IRS)
including at least one operation request. The scheduler 100
schedules the mput request set IRS to output an output
request set (ORS). The output request set ORS may include
at least one operation request.

Herein, one possible scheduling approach imnvolves deter-
mimng whether to output operation request(s) imcluded in
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4

the mput request set IRS, and determining a processing
sequence for the operation requests. The scheduler 100
outputs the output request set ORS, which includes opera-
tion requests possibly having their processing sequence
rearranged on the basis of a scheduling result. The memory
device including the memory of FIG. 1 performs an opera-
tion which corresponds to an operation request according to
the processing sequence of the output request set ORS.

The operation requests included 1n the input request set
IRS may include a write request and a read request. That 1s,
the scheduler 100 may receive the mput request set IRS 1n
which write request(s) and/or read request(s) are randomly
mixed. Further, 1t 1s possible that all the operation requests
included 1n the mput request set IRS are either write opera-
tions or read operations. That 1s, 1n certain embodiments of
the inventive concept, a scheduler, such as scheduler 100,
may only be used to schedule write operations and/or read
operations. It 1s possible that one scheduler 1s used for only
write operations, and another separately controlled sched-
uler 1s used for only read operations. However, such an
independent “write scheduler” and “read scheduler” may be
realized using the configuration shown i FIG. 2.

The scheduler 100 of FIG. 2 may be incorporated within
a memory device that includes the memory of FIG. 1.
Otherwise, the scheduler may be incorporated within an
electronic apparatus having a memory device that includes
the memory of FIG. 1, such as a server computer, a digital
camera, a camcorder, a mobile phone, etc. In one specific
embodiment of the mventive concept, the scheduler 100 of
FIG. 2 may be incorporated within a SSD.

The standby unit 110 included 1n the scheduler 100 of
FIG. 2 includes a plurality of zone standby units ZS1 to
ZSM. The zone standby units Z51 to ZSM correspond
one-to-one with the zones Z1 to ZM of the memory of FIG.
1. For instance, the nth zone standby unit ZSn of FIG. 2
corresponds to the nth zone Zn of FIG. 1 (n=1, 2, ..., M).

Each of the zone standby units Z51 to ZSM may be used
to manage operation requests 1 a first i first out (FIFO)
manner. For istance, each of the zone standby units ZS1 to
/ZSM may be implemented as an operation request queue.

The mput processing unit 120 recerves an input request
set IRS, and transfers each of the operation requests included
in the 1nput request set IRS to a corresponding zone standby
umt among the zone standby umts ZS1 to ZSM. The mnput
processing unit 120 may transier each operation request to
the corresponding zone standby unit on the basis of address
information included in the each operation request. In the
case that the address information 1s a bitstream, the mput
processing unit 120 may determine a corresponding zone
standby unit on the basis of upper bits of the bitstream.

For instance, when address information of an operation
request 1s 12, a block BL having a logical address AD of 12
1s included 1n the zone Z2 (refer to FIG. 1). Therefore, the
operation request having address information of 12 1s trans-
ferred to the zone standby unit ZS2.

The output processing unit 130 of FIG. 2 includes a zone
information storage unit 132 and a sequence determining
umt 134. Although the zone information storage umit 132
and the sequence determining unit 134 are shown as difler-
ent circuit blocks 1 FIG. 2, they may be commonly 1nte-
grated using a single processing unit in certain embodiments
of the mventive concept.

The output processing unit 130 determines a “processing,
sequence’” (e.g., an order of execution) for the zone standby
units ZS1 to ZSM. According to the processing sequence,
respective operation requests stored in the zone standby
units ZS1 to ZSM are obtained by the output processing unit
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130, and then output as part of the output request set ORS.
Thus, the processing sequence provided by the output pro-
cessing unit 130 1s capable of ordering (or re-ordering) the
execution order of the operation requests stored 1n the zone
standby units ZS1 to ZSM.

In certain embodiments of the inventive concept, the
output processing unit 130 determines the processing
sequence for the zone standby units ZS1 to ZSM on the basis
of zone information ZI and a standby number SN. The zone
information ZI may, for example, indicate a zone standby
unit having a last processed operation request from a
sequence ol operation requests defined by a previously
provided output request set ORS. That 1s, the zone infor-
mation ZI indicates a zone standby unit associated with an
operation request that has been most recently output (or *“last
processed”) among the particular operation requests of the
“previously provided” output request set ORS. The standby
number SN may be a number equal to the number of
operation requests stored 1n each of the zone standby units
751 to ZSM. A more detailed description of this particular
approach will be given 1n relation to FIG. 3.

FIG. 3 illustrates one possible scheduling method per-
formed by the scheduler 100 of FIG. 2. The scheduling
method described 1n relation to FIG. 3 may be used 1n a
memory device mcluding the memory of FIG. 1.

Referring to FIG. 3, an input request set IRS includes six
(6) operation requests, namely, first to sixth operation
requests R1 to R6. The first to sixth operation requests R1 to
R6 included in the mput request set IRS are sequentially
input to the scheduler 100 as indicated. Each of the first to
sixth operation requests R1 to R6 includes address informa-
tion (1.e., the respective values shown in the parenthesizes of
the IRS 1 FIG. 3). The address information indicates a
logical address for of a particular block BL in the memory
of the memory device of FIG. 1. Those skilled in the art will
recognize that the use of six operation requests 1n FIG. 3 1s
merely a selected example.

As 1llustrated 1n FIG. 1, the address information of the
first operation request R1 included 1n the mput request set
IRS 1s 14. This value 1s assumed to correspond to the second
zone Z2. Therefore, the input processing unit 120 transfers
the first operation request R1 to the second zone standby unit
/.52 which corresponds to the second zone Z2, and the first
operation request R1 1s stored in the second zone standby
unit ZS2.

Since the address information of the second operation
request R2 1s 21, the second operation request R2 corre-
sponds 1 the working example to the thurd zone Z3.
Therefore, the input processing unit 120 transfers the second
operation request R2 to the third zone standby unit Z53
which corresponds to the third zone Z3, and the second
operation request R2 1s stored into the third zone standby
unit ZS3.

In this manner, each of the first to sixth operation requests
R1 to R6 included in the mput request set IRS 1s stored 1n
a corresponding zone standby unit on the basis of 1its
corresponding address information.

The zone information storage unit 132 of the output
processing umt 130 may be used to transfer stored zone
information ZI to the sequence determining umt 134, or
receive zone information ZI from the sequence determining,
unit 134 1n order to store the received zone information ZI.
The zone information ZI indicates a particular zone standby
unit that previously stored the last processed operation
request 1n the sequence of operation requests 1n a previously
provided output request set ORS. That 1s, the zone 1nfor-
mation ZI indicates a zone standby unit related to an
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operation request which has been most recently, or lastly,
processed among operation requests of the previous output
request set ORS. For instance, when address information of
the last processed operation request among operation
requests of the previous output request set ORS provided
from the sequence determining unit 134 1s 28, this address
corresponds to the zone Z3 (refer to FIG. 1). Therefore, the
zone nformation ZI indicates the third zone standby unit
753 1s last processed.

The zone mformation ZI will be changed (or updated)
whenever an output request set ORS 1s provided. Therelore,
alter providing an output request set ORS, the sequence
determining unit 134 will update the zone information ZI to
indicate a zone standby unit that will be considered *“last
processes’” 1n the sequence defined by the output request set
ORS.

As noted above, the sequence determining unit 134 may
determine the processing sequence of the zone standby units
/51 to ZSM not only on the basis of the zone information
Z1, but also on the basis of a standby number SN. The
standby number SN may be the number of operation
requests currently stored in each of the zone standby units
/51 to ZSM. Drawing upon the 1llustrated example of FIG.
3, since the first zone standby unit ZS1 stores a single
operation (R4) request, the standby number SN for the first
zone standby unit Z51 1s 1. The standby number SN of the
second zone standby unit ZS2 1s 3, the standby number SN
of the third zone standby unit ZS3 i1s 1, and the standby
number SN of the fourth zone standby unit ZS4 1s 1, efc.

The sequence determining unit 134 will determine that a
particular zone standby unit indicated by the zone informa-
tion ZI will be “next processed”. After a ‘current” zone
standby unit corresponding to current zone information 71 1s
determined, the processing sequence for the other (non-
current) zone standby units may be determined 1n a descend-
ing order of standby numbers. In this manner, the sequence
determining unit 134 receives operation requests from the
standby unit 110 according to the determined processing
sequence, and then outputs the recerved operation requests
as an output request set ORS.

FIG. 4 1llustrates one possible output request set ORS that
may be provided by the scheduler 100 of FIG. 3.

Referring collectively to FIGS. 3 and 4, a current zone
information ZI 1s assumed to indicate the third zone standby
umt ZS3 (Z1=3). This assumes, for example, that a last
processed operation request in the previous output request
set ORS provided by the scheduler 100 was related to the
third zone standby unit ZS3. Hence, the sequence determin-
ing unit 134 determines that the third zone standby unit Z53
indicated by the current zone information ZI should be next
processed.

After the third zone standby unit ZS3 1s determined to be
“currently processed”, 1t 1s then determined that the second
zone standby unmit ZS2 should be “next processed” because
it has the highest standby number SN. Thereatter, however,
the standby numbers SN for the first and fourth zone standby
umts ZS1 and ZS4 are the same, and a highest standby
number SN approach cannot be used to determine a next
processed zone standby unit. In such circumstances (1.e.,
multiple zone standby units having the same standby num-
ber SN), the processing sequence may be determined a next
processed zone standby unit according to, for example, an
operation request 1nput sequence (or priority).

In the illustrated example of FIGS. 3 and 4, the input
sequence priority of the fourth operation request R4 stored
in the first zone standby unit ZS1 1s higher than that of the
s1xth operation request R6 stored in the fourth zone standby
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unit ZS4. Therefore, the sequence determining unit 134 may
determine that the first zone standby unit ZS1 should be next
processed after the second zone standby unit ZS2.

Considering the standby numbers SN of all other zone
standby units (1.e., all empty zone standby units), the fourth
zone standby unit Z54 will 1s last processed 1n the given
output request set ORS.

To summarize the generation of an output request set ORS
in relation to the examples of FIGS. 3 and 4, the operation
requests included in the output request set ORS are sequen-
tially provided 1n an order of zone standby units 23, 72, 71,
and Z4. As this output request set ORS 1s provided, the zone
information ZI 1s sequentially updated to indicate a next
zone standby umt until the sixth operation request Ré6 1is
lastly provided. Accordingly, when a new output request set
ORS 1s begun, the sequence determining unit 134 will use
current zone information indicating the fourth zone standby
unit.

Those skilled 1n the art will recognize that the foregoing
method 1s just one of many ways i which various indicia
(e.g., zone information and standby numbers) may be used
to rationally organize according to a given processing
sequence the generation of an output request set ORS from
a given mput request set IRS.

Referring to FIG. 3 again, the output processing unit 130
may recerve an indication signal IND from the standby unit
110, and then determine a processing sequence of the zone
standby units ZS1 to ZSM to output the output request set
ORS. Thus, an idication signal IND may be used to control
the operation of the output processing unit 130 1n generating,
the output request set ORS.

For instance, when a sum of standby numbers SN for the
zone standby units ZS1 to ZSM becomes greater than or
equal to a predetermined reference value, the standby unit
110 may transmit the indication signal IND to the output
processing umt 130. Alternately, when any standby number
SN for any one of the zone standby units ZS1 to ZSM
becomes greater than or equal to a predetermined reference
value, the standby unit 110 may transmit the indication
signal IND to the output processing unit 130.

As another example, the output processing unit 130 may
determine whether to generate the output request set ORS by
performing a polling operation without necessarily receiving
the indication signal IND. The polling operation may be
performed by the output processing unit 130 to determine
whether a certain number of operation request(s) have been
stored 1n the standby unit 110. The polling operation may be
periodically or aperiodically performed. For instance, the
output processing unit 130 may perform the polling opera-
tion during memory system 1dle time (1.e., an mterval during,
which operation requests are not being received).

As described above, the output processing unit 130 may
determine a processing operation of the zone standby units
/51 to ZSM and output the output request set ORS on the
basis of the zone information ZI and the standby number SN
after receiving the indication signal IND or after performing
the polling operation.

If the zone information ZI 1s null, or the standby number
SN of a zone standby unit corresponding to the zone
information ZI 1s 0, the sequence determiming unit 134 may
determine a processing sequence for the zone standby units
751 to ZSM according to a descending order of the standby
number SN.

When a processing sequence ol the zone standby units
/51 to ZSM 1s determined on the basis of the standby
number SN, multiple zone standby units may have the same
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standby number SN. In this case, a processing sequence of
the zone standby units ZS1 to ZSM may be determined using
various methods.

For instance, as illustrated 1n FIG. 4, the sequence deter-
mining unit 134 may determine the processing sequence
according to an input sequence. The sequence determining
unmit 134 may give a priority to a zone standby unit which
includes an operation request precedently inputted.

As another example, when multiple zone standby units
have the same standby number SN, the sequence determin-
ing unit 134 may determine a processing sequence of the
zone standby units ZS1 to ZSM randomly.

As another example, when multiple zone standby units
have the same standby number SN, the sequence determin-
ing unit 134 may determine a processing sequence of the
zone standby units ZS51 to ZSM on the basis of information
related to a previously provided output request set ORS. For
instance, the processing sequence may be determined con-
sidering a zone that 1s frequently referenced in the previ-
ously provided output request set ORS.

As another example, when multiple zone standby units
have the same standby number SN, the sequence determin-
ing unit 134 may determine the processing sequence on the
basis of proximity of zones. For instance, when a (N+1)th (N
1s a natural number) zone standby unit 1s determined for the
processing sequence and multiple zone standby units have
the same standby number SN, a zone standby unit having a
next higher (or lower) proximity value in relation to the Nth
zone standby unit may be determined as the next processed
zone standby unit.

As another example, when multiple zone standby units
have the same standby number SN, the sequence determin-
ing unit 134 may determine the processing sequence on the
basis of division and/or merger of zone standby units. The
division and/or merger ol zone standby units may occur
when zone standby units and zones of a memory are
dynamically allocated.

Herematter, a case of dynamically allocating zone
standby units and related zones of a memory will be
described with reference to FIGS. 5 and 6.

FIGS. 5 and 6 illustrate one example of dynamic alloca-
tion of zone standby unit(s) and corresponding portions of a
memory. FIG. § illustrates an assumed “current state” of a
standby unit 110A and a memory before dynamic allocation.
FIG. 6 illustrates an assumed “next state” for a standby unit
110B and memory following dynamic allocation.

Referring to FIGS. 5 and 6, 1n the standby unit 110A, two
(2) operation requests are stored 1n the first zone standby unit
751 having an SN of 2, one (1) operation request 1s stored
in the second zone standby umt Z52 having an SN of 1,
seven (/) operation requests are stored i a third zone
standby unit ZS3 having an SN of 7, and three (3) operation
requests are stored in the fourth zone standby unit ZS4
having an SN of 3.

The constituent memory system 1s assumed to operate
such that a zone standby unit having a standby number SN
greater than a first reference value (e.g. 5) may be divided
into a plurality of sub-zone standby units, while certain
neighboring zone standby units having respective standby
numbers SN less than a second reference value (e.g. 3) may
be merged 1nto a super-zone standby unit.

Following this operating premise, the standby number SN
of the third zone standby unit ZS3 corresponding to zone 73
of the standby unit 110A 1s greater than the first reference
value (e.g. 5). Therefore, the third zone standby unit ZS3 of
FIG. 5 may be divided into the two (2) sub-zone standby
units ZS3-1 and 7ZS3-2 of FIG. 6. Also, the third zone 73 of
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the memory that corresponds to the third zone standby unit
/.53 of FIG. 5 may be similarly divided into the two (2) sub

zones 73-1 and 7Z3-2 as illustrated 1n FIG. 6.

Each standby number SN of the first and second zone
standby units ZS1 and ZS2 1s less than the second reference 5
value (e.g. 3), and the zone standby units ZS1 and ZS2 are
sequentially adjacent to each other. Therefore, the first and
second zone standby unmits ZS1 and ZS2 may be merged into
a first super-zone standby unit SP-Z512. Also, the first and
second zones Z1 and Z2 of the memory of FIG. 5 will be 10
merged 1nto a first super-zone SP-Z12 as illustrated in FIG.

6.

As 1llustrated i FIGS. § and 6, when operation requests
R are concentrated on a particular zone, a zone standby unit
corresponding to the particular zone may be divided. Also, 15
when operation requests R rarely occur 1n a particular zone,
the particular zone may be merged with another zone. As
described above, zone standby units and zones of the
memory may be dynamically allocated mm view of the
standby numbers SN associated with the zone standby units. 20

Hereinafter, when zone standby umits are dynamically
allocated, a merged zone standby unit 1s referred to as a
super-zone standby unit, a divided zone standby unit 1s
referred to as a sub-zone standby unit. Non-merged and
non-divided zone standby units are simply referred to as a 25
“normal” zone standby unait.

When multiple zone standby units have the same standby
number SN, the processing sequence may be determined on
the basis of division and/or merger of zone standby units.
Since a sub-zone standby unit 1s a divided zone standby unit 30
because of concentration of operation requests, a sub-zone
standby unit may be processed prior to a normal zone
standby unit and a super-zone standby unit. On the contrary,
since a super-zone standby unit 1s a merged zone standby
unit because of infrequency of operation request, the super- 35
zone standby unit may be processed later than a normal zone
standby unit. That 1s, the processing sequence may be
determined in the order of sub-zone standby unit, normal
zone standby unit, and super-zone standby unit.

Although it has been described with reference to FIGS. 5 40
and 6 that zone standby umits are dynamically allocated,
zone standby units may be statically allocated regardless of
the standby number of zone standby units.

It has been assumed till now that a scheduler will deter-
mine a processing sequence for a plurality of zone standby 45
units on the basis of the zone mmformation ZI and standby
number SN. However, schedulers according to embodiments
of the inventive concept may determine a particular pro-
cessing sequence for a plurality of zone standby units using
other or additional critena. 50

FI1G. 7 illustrates another output request set ORS possibly
provided by the scheduler 100 of FIG. 3.

Referring to FIGS. 3 and 7, the zone information ZI
indicates the zone standby unit ZS3 (Z1=3). This 1s accord-
ing to the assumption that the last processed operation 55
request of a previous output request set ORS provided by the
scheduler 100 was related to the third zone standby unit ZS3.
Accordingly, the sequence determining unit 134 determines
that the third zone standby unit ZS3 as indicated by the zone
information ZI will be currently processed. 60

After processing the third zone standby unmit ZS3, the
output processing unit 130 may process only zone standby
units having standby numbers SN greater than a reference
value RV. When multiple zone standby units have standby
numbers SN greater than the reference value RV, the pro- 65
cessing sequence may be determined according to a
descending order of standby numbers SN.

10

For a zone standby unit having a standby number SN less
than or equal to the reference value RV, an additional
operation request 1s awaited. Therefore, an operation request
stored 1n the zone standby unit having a standby number SN
1s less than or equal to than the reference value RV may not
be immediately provided, but may be processed together
with later mnput and additional operation request(s). The
reference value RV may be variously set considering sched-
uling efliciency.

It 1s assumed that the reference value RV 1s 2 1n FIG. 7.
Therefore, after the third zone standby unit ZS3, the second
zone /ZS2 having a standby number SN greater than the
reference value RV 1s determined to be next processed.

In FIG. 7, only the second zone standby unit ZS2 has the
standby number SN greater than the reference value RV.
Although the standby number SN of the third zone standby
unit ZS3 15 less than the reference value RV, the third zone
standby unit ZS3 indicated by the current zone information
Z1, and thus, 1s determined to be firstly processed.

In brief, the operation requests included 1n the output
request set ORS are sequentially provided corresponding to
the zones 73 and Z2. In FIG. 7, even alter the output request
set ORS 1s processed, non-processed operation requests
remain 1n the first and fourth zone standby umts ZS1 and
754, It the output request set ORS 1s provided, the zone
information ZI 1s updated to indicate the zone standby unit
/.52 related to the lastly outputted fifth operation request R5.
The sequence determining umt 134 may transmit the
updated zone information (ZI1=2) to the zone information
storage unit 132.

As described above, the scheduler 100 may determine the
processing sequence ol the zone standby units ZS1 to ZSM
on the basis of the zone information ZI and the standby
number SN greater than the reference value RV,

However, additional operation requests may not be con-
tinuously input to a non-processed zone standby unit due to
its low standby number SN, less than the reference value RV.
In this case, the processing of an operation request may be
excessively delayed. This excessive process delaying phe-
nomenon 1n sometimes referred to as “starvation”. To pre-
vent starvation, a deadline (or time out) may be built into an
operation request.

Hereinaftter, a case configuring a deadline for an operation
request will be described 1n some additional detail with
reference to FIGS. 8 and 9.

FIG. 8 1llustrates another exemplary logical configuration
for the memory (MEM) 1ncluded in a memory device like
the one 1 FIG. 1. Referning to FIG. 8, the memory includes
only four (4) zones Z1 to Z4 (1.e., M=4) for clanty and
simplicity of description.

FIG. 9 1s a block diagram illustrating a scheduler 100C
according to another embodiment of the mventive concept.
The scheduler 100C of FIG. 9 1s used for scheduling
operation request(s) to a memory device including the
memory of FIG. 8. The scheduler 100C of FIG. 9 includes
many of the components previously described in relation to
the scheduler 100 of FIG. 2.

Retferring to FIG. 9, the scheduler 100C includes a
standby unit 110C, an mmput processing unit 120C, and an
output processing unit 130C.

The mput processing unit 120C includes a deadline infor-
mation processing unit 122C. The standby umit 110C
includes a dead line standby unit DS and four zone standby
units ZS1 to Z54 which one-to-one correspond to the four
zones 71 to Z4 of FIG. 8.

The operation requests included 1n the input request set
IRS may further include deadline information DI. The
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deadline information DI indicates a deadline of an operation
request. The deadline prevents starvation of an operation
request and guarantees a starting service time for an opera-
tion request. The deadline may be a time limit for outputting
an operation request from the scheduler 100C, or a time limait
for starting an operation corresponding to an operation
request 1n the memory of FIG. 8.

All operation requests included in the mput request set
IRS may include the deadline information DI, or just a

portion of the operation requests may include the deadline
information DI.

The deadline information processing unit 122C extracts
the deadline information DI included in an operation
request, and transiers the deadline information DI to the
deadline standby unit DS. The deadline standby unit DS
stores the deadline information DI. When the deadline
standby unit DS stores a plurality of pieces deadline infor-
mation DI, the pieces of deadline mnformation DI may be
arranged according to expiration of a deadline.

The deadline imformation DI stored in the deadline
standby umit DS may be deleted when a zone standby unit,
which includes an operation request corresponding to the
deadline information DI, 1s processed.

The sequence determining unit 134C may determine the
processing sequence of the zone standby units ZS1 to ZSM
on the basis of the zone information ZI, standby number SN,
and deadline information DI.

When there 1s no operation request facing an i1mminent
deadline, a zone standby unit indicated by the zone infor-
mation ZI 1s determined to be next processed, and following
next processed priorities may be determined for zone
standby units having standby numbers SN greater than a
reference value on the basis of the standby numbers SN.

When there 1s an operation request facing an imminent
deadline, a priority of a zone standby unit, in which the
operation request facing an imminent deadline 1s stored, 1s
determined on the basis of the deadline information DI
regardless of the zone information ZI, standby number SN,
and reference value. The priority of other zone standby
units—absent an operation request having an imminent
deadline—will be normally determined according to zone
information ZI and standby number SN.

When there 1s an imminent deadline information DI
among the pieces ol deadline information DI stored in the
deadline standby unit DS, the imminent deadline informa-
tion DI may be transferred to the sequence determining unit
134C.

Alternately, the sequence determining unit 134C may
determine whether there 1s an operation request facing an
imminent deadline by checking the deadline information DI
stored 1in the deadline standby unit DS by performing a
polling operation. The polling operation may be periodically
or aperiodically performed on the deadline standby unit DS.
For instance, the polling operation may be performed at an
idle time.

As described above, the output processing unit 130C may
process a zone standby unit, 1n which an operation request
facing an 1mminent deadline 1s stored, even though the
standby number SN thereof i1s less than or equal to the
reference value. Therefore, starvation due to a delayed
operation request may be prevented.

FI1G. 10 illustrates an one possible scheduling method that
may be performed by the scheduler 100C of FIG. 9. The
scheduling method of FIG. 10 may be used for scheduling
an operation request for a memory device including the
memory of FIG. 8.
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Reterring to FIG. 10, an input request set IRS 1ncludes six
operation requests as before except some of the operation
requests 1nclude respective deadline information. The dead-
line information processing unit 122C of the mput process-
ing umt 120C extracts the pieces of deadline information

DI2, DI3, and DIé6 from the second, third, and sixth opera-

tion requests R2, R3, and R6, and transfers the extracted
pieces of deadline mformation DI2, DI3, and DI6é6 to the
deadline standby umt DS.

The deadline standby unit DS may arrange the pieces of
deadline information DI2, DI3, and DIé according to expi-
ration of a deadline. Although 1t 1s assumed 1n FIG. 8 that
deadlines expire 1n the order of sixth deadline information
DI6, third deadline information DI3, and second deadline
information DI2, this 1s just an example for convenience.

The mput processing unit 120C respectively transiers the
first to sixth operation requests R1 to R6 included in the
iput request set IRS to corresponding zone standby units
/51 to Z54 on the basis of address information.

The sequence determining unit 134C determines the pro-
cessing sequence of the zone standby units ZS1 to ZS4 on
the basis of the zone information ZI, standby number SN,

and deadline information DI.

In FIG. 10, 1t 1s assumed that the zone information 71
indicates the third zone standby unit ZS3 (Z1=3), and the
reference value RV 1s 2 (RV=2). Also, the pieces of deadline
information D16 and DI3 respectively indicate that deadlines
of the sixth and third operation requests R6 and R3 are
imminent.

The sequence determining unit 134C may recognize that
deadlines are imminent in the order of the sixth and third
operation requests R6 and R3 by virtue of the pieces of
deadline mformation DI6 and DI3. Therefore, the sequence
determining unit 134C determines that the fourth zone
standby unit ZS4 storing the sixth operation request R6
should be first processed, and the second zone standby unit
/.52 storing the third operation request R3 should be next
processed thereafter. Then, the sequence determining unit
134C determines that the third zone standby unit ZS3 should
be next processed according to the zone information ZI.
Then, the sequence determining unit 134C determines a
processing sequence according to the standby number SN.
However, there 1s no zone standby unit of which a standby
number SN 1s greater than the reference value RV (RV=2).
Therefore, the third zone standby unit ZS3 will be last
processed.

In brief, the operation requests mcluded 1n the output
request set ORS are sequentially provided corresponding to
the zones 74, 72, and 7Z3. 11 the output request set ORS 1s
output, the zone information ZI will be updated to indicate
the third zone standby unit ZS3 related to the last output
second operation request R2 (i.e., ZI=3). However, because
the zone information ZI indicates the zone standby unit ZS3
before the update, the zone information ZI 1s not changed.

As described above, by using the deadline information DI,
even a zone standby unit which 1s not indicated by the zone
information ZI and has the standby number SN less than or
equal to the reference value RV may be processed belfore
exceeding an imminent deadline. Hence, the starvation of a
particular operation request may be prevented.

FIGS. 11, 12 and 13 collectively 1llustrate another sched-
uling method that may be performed by the scheduler 100C
of FIG. 9. The scheduling method of FIGS. 11, 12 and 13
may be used by a memory device including the memory of
FIG. 8. It 1s assumed that the reference value RV 1s 2 1n
FIGS. 11, 12 and 13.
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Referring to FIG. 11, a first mput request set IRS1
includes six operation requests, namely, {irst to sixth opera-
tion requests R1 to R6. Fach of the first to sixth operation
requests R1 to R6 included 1n the first input request set IRS1
includes address information, and the third, fourth, and sixth
operation requests R3, R4, and Ré6 respectively further
include associated deadline information DI3, DI4, and DIé.

The deadline mformation processing unit 122C of the
input processing unit 120C extracts the deadline information
DI3, DI4, and DI6 from the third, fourth, and sixth operation
requests R3, R4, and R6, and transiers the extracted deadline
information DI3, DI4, and DI6 to the deadline standby unit
DS.

In FIG. 11, 1t 1s assumed that deadlines expire in the order
of DI6, DI3, and DI4. Thus, the deadline standby unmit DS
will arrange the deadline information received as DI3, DI4,
and DI6 according to expiration—DI6, DI3 and DI4.

The mput processing unit 120C respectively transfers the
first to sixth operation requests R1 to R6 included 1n the first

input request set IRS1 to corresponding zone standby units
751 to Z54 on the basis of address information.

In FIG. 11, 1t 1s assumed that the zone information ZI
indicates that the second zone standby unit ZS2 (Z1=2) 1s
current, and there 1s no operation request having an 1mmi-
nent deadline.

Hence, the sequence determining unit 134C determines
that the second zone standby unit ZS2 1s first processed on
the basis of the zone information ZI. Then, the sequence
determining unit 134C determines a processing sequence
according to the standby number SN. However, there 1s no
zone standby unit having a standby number SN 1s greater
than the reference value RV (RV=2). The second zone
standby unit ZS2 1s last processed.

Since the second zone standby unmit ZS2, that stores the
third operation request R3 has been processed, the deadline
information DI3 corresponding to the third operation request
R3 1s deleted from the deadline standby unit DS.

Accordingly, the first output request set ORS1 1includes
only the first, third, and fifth operation requests R1, R3, and
RS stored in the (*current” as indicated by the zone infor-
mation ZI) second zone standby unit ZS2. Once the first
output request set ORS1 1s provided, the zone imnformation
7.1 will be updated to indicate the second zone standby unait
/.52 related to the lastly output fifth operation request RS
(Z1=2). However, because the zone information ZI indicates
the second zone standby unit ZS2 before the update, the
zone mformation ZI 1s not changed.

Referring now to FIG. 12, a second mput request set IRS2
includes six operation requests, namely, seventh to twelith
operation requests R7 to R12. There may be idle time
between the first input request set IRS1 of FIG. 11 and the
second input request set IRS2 of FIG. 12. Hence, the
scheduler 100C may receive the second input request set
IRS2 after lapse of the 1dle time following receipt of the first
input request set IRS1.

It 1s Turther assumed that the seventh to twelfth operation
requests R7 to R12 included in the second input request set
IRS2 do not include deadline information.

The mnput processing unit 120C respectively transfers the
seventh to twellth operation requests R7 to R12 included 1n
the second iput request set IRS2 to corresponding zone
standby units ZS1 to Z54 on the basis of address informa-
tion.

The standby unit 110C stores the second input request set
IRS2 received from the input processing unit 120C. Also,
the fourth, second, and sixth operation requests R4, R2, and
R6 (hatched in the drawings), which have not been pro-
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cessed, among the operation requests included in the first
iput request set IRS1 of FIG. 11 are stored in the zone
standby units ZS1 to Z54.

Also, the deadline information DI6 and DI4 (hatched 1n
the drawings) related to the non-processed operation
requests of the first mput request set IRS1 1s stored 1n the
deadline standby umt DS.

In FIG. 12, 1t 1s assumed that no operation request has an
imminent deadline according to the deadline information
DI4 and DI6. Referring to FIG. 11, the fifth operation
request RS lastly output among the operation requests of the
first output request set ORS1 1s related to the second zone
standby unit ZS2. Therefore, the zone information ZI indi-
cates the second zone standby unit ZS2 (Z1=2).

The sequence determining unit 134C determines that the
second zone standby unit ZS2 should be first processed on
the basis of the zone information ZI. Then, the sequence
determining unit 134C determines a processing sequence
according to standby numbers SN. The third zone standby
unmt ZS3 has a standby number SN greater than the reference
value RV (RV=2). Accordingly, the sequence determiming
umt 134 determines that the third zone standby umt ZS3
should be next processed. The standby numbers SN of the
first and fourth zone standby units Z51 and ZS4 are less than
or equal to the reference value RV, and thus, the first and
fourth zone standby units Z51 and Z54 are not processed.

In view of the foregoing, the operation requests included
in the second output request set ORS2 are sequentially
provided from zones 72 and Z3. Once the second output
request set ORS2 1s provided, the zone information ZI 1s
updated to indicate the third zone standby unit ZS3 related
to the last output ninth operation request R9 (Z1=3).

Referring to FIG. 13, the scheduler 100C does not imme-
diately receive an nput request set IRS following provision
of the second output request set ORS2. That 1s, following
operation of the scheduler 100C 1n relation to the second
input request set IRS2 of FIG. 12, the constituent memory
system enters 1dle time.

The fourth and sixth operation requests R4 and R6
(hatched 1n FIG. 13) that have not yet been processed from
among the operation requests included in the first and
second 1nput request sets (IRS1 of FIG. 11 and IRS2 of FIG.
12) are still stored respectively 1n the first and fourth zone

standby units ZS1 to ZS4 of the standby unit 110C. Also, the
deadline information DI6 and DI4 (also hatched 1n FIG. 13)
related to the non-processed operation requests from previ-
ous 1nput request sets are still stored in the deadline standby
umt DS.

In FIG. 13, 1t 1s assumed that deadlines are imminent in
the order of the sixth and fourth operation requests R6 and
R4 according to the pieces of deadline information DI6 and
DI4.

The sequence determining unit 134C determines that the
fourth zone standby unit ZS4 storing the sixth operation
request R6 should be first processed, and thereafter that the
first zone standby unit ZS1 storing the fourth operation
request R4 should be next processed. Then, the sequence
determining unit 134C generally determines the processing
sequence on the basis of the zone information ZI and
standby number SN. However, there 1s no zone standby unit
to be processed. Therefore, the zone standby unit ZS1 1s last
processed.

Accordingly, the operation requests included i a third
output request set ORS3 are sequentially provided from
zones 74 and 7Z1. Once the third output request set ORS3 1s
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provided, the zone mformation ZI 1s updated to indicate the
first zone standby unit ZS1 related to the last provided fourth
operation request R4 (Z1=1).

FIG. 14 illustrates a sequence of operations performed by
the memory of a memory device 1n response to the first,
second and third output request sets provided by the sched-
uler 100C of FIGS. 11, 12 and 13.

Referring to FIG. 14, 1t 1s assumed that a beginning (or
previous) position (PP) indicates a logical address for a
block BL associated with a last performed operation before
the first output request set ORS1 1s provided has a value of
19. Therefore, in FIG. 11, the zone information ZI indicates
the second zone standby unit ZS2 which corresponds to the
second zone 72.

The memory device performs operations in the second
zone 72 of the memory 1n response to operation requests
included 1n the first output request set ORS1 (refer to FIG.
11). The memory device performs operations in the second
zone 72 of the memory, and then performs operations 1n the
third zone Z3 in response to operation requests included in
the second output request set ORS2 (refer to FIG. 12). This
approach may be termed zone crossing (ZC) wherein a
memory zone related to a performed operation 1s changed as
described above. In FIG. 14, zone crossings are indicated by
respective arrows.

Next, the memory device performs an operation in the
fourth zone Z4, and performs an operation in the first zone
/1 1n response to operation requests included in the third
output request set ORS3 (refer to FIG. 13). In this case, the
zone crossings occur between the third zone Z3 to the fourth
zone 74, as well as between the fourth zone 74 to the first
zone /1.

Referring collectively to FIGS. 11 to 14, the scheduler
100C recerves the first and second mput request sets IRS1
and IRS2, and outputs the first, second and third output
request sets ORS1, ORS2 and ORS3. An idle time interval
among occur during the first to third output request sets
ORS1 to ORS3. When the memory device performs opera-
tions on the memory 1n response to the first, second and third
output request sets ORS1, ORS2 and ORS3, three different
zone crossings occur in the 1llustrated example.

FIGS. 15 and 16 illustrate another scheduling method that
may be used by certain schedulers.

Referring to FIGS. 15 to 16, a particular scheduler
receives a first input request set IRS1 to output a first output
request set ORS1, and receives a second input request set
IRS2 to output a second output request set ORS2. The {first
input request set IRS1 1s the same as the first input request
set IRS1 of FIG. 11, except for the deadline information, and
the second mput request set IRS2 1s the same as the second
input request set IRS2 of FIG. 12. Also, 1t 1s assumed that a
logical address associated with a previous position PP 1s 19
as 1n FI1G. 14.

FIGS. 15 and 16 1llustrate what may be understood as “an
clevator approach”. According to the elevator approach, the
logical address AD 1s arranged 1n ascending order starting
from the logical address AD of the previous position PP. If
the logical address AD 1s increased to 40, the logical address
AD 1s arranged 1n ascending order from 1.

Since 1t 1s assumed that the previous position PP 1s 19, the
logical addresses AD, which are indicated by address infor-
mation of operation requests, namely, first to sixth operation
requests R1 to R6 included 1n the first input request set IRS1,
are arranged 1n ascending order starting from 19 which 1s the
logical address AD of the previous position (1.e., 21, 31, 2,
14, 15, and 16). According to the order of arranged logical
addresses AD, the first output request set ORS1 1s provided.
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The logical addresses AD, which are indicated by address
information of the plurality of operation requests, namely,
seventh to twellth operation requests R7 to R12 included 1n
the second 1nput request set IRS2, are arranged 1n ascending
order starting from 16 which is the logical address AD of the
fifth operation request RS lastly outputted from the first

output request set ORS1, 1.e., 22, 23, 24, 11, 12, and 13.
There may be a time 1nterval between the first output request
set ORS1 and the second output request set ORS2.

When the memory device performs operations on the
memory MEM according to the first and second output
request sets ORS1 and ORS2 to which the elevator approach

1s applied, a total of six zone crossing occurs.
Comparing FIG. 14 with FIG. 16, when the scheduling

operation 1s performed using a scheduler according to cer-
tain embodiments of the inventive concept using a zone
standby unit that corresponds with a particular memory
zone, the number of required zone crossings may be
reduced. This 1s because the spatial locality of the logical
address AD for a plurality of operation requests included 1n
an output request set ORS may be improved by using a zone
standby unit.

In contrast, the elevator approach described with refer-
ence to FIGS. 15 and 16 1s a scheduling method suitable for
a hard disk drive (HDD) including an read/write head. In an
HDD, the time taken for performing an operation 1n
response to an operation request greatly varies with seek
time taken to move the head. The elevator approach may be
used for mimmimizing seek time 1 an HDD.

However, there 1s no head 1n a memory device such as an
SSD including a flash memory. Therefore, there 1s little 1f
any positive eflect in applying the elevator approach. The
time taken for performing an operation 1 response to
operation requests of a memory device including a flash
memory may be shortened by improving the spatial locality
of the logical addresses between a plurality of operation
requests as 1s described 1 some additional detail with
reference to FIGS. 17 and 18.

FIG. 17 1s a diagram 1illustrating an SSD that includes a
scheduler according to an embodiment of the inventive
concept.

Referring to FIG. 17, the SSD according to the 1llustrated
embodiment of the inventive concept may include an SSD
controller (SCTL) and a memory (MEM). The memory may

be a flash memory.
The SSD controller may include a host interface (HOST

I’'F), a scheduler (SCH), a processor (PROS), a random
access memory (RAM), a cache bufler (CBUF), and a
memory controller (Ctrl) electrically connected via a bus
(BUS).

The host mterface HOST I'F may receive an operation
request of a host (not shown) to transmit the recerved
operation request to the scheduler SCH, or transmit data
received from the memory MEM to the host. The host
interface HOST I'F may interface with the host by using
various 1nterface protocols such as Universal Serial Bus
(USB), Man Machine Communication (MMC), Peripheral
Component Interconnect-Express (PCI-E), Serial Advanced
Technology Attachment (SATA), Parallel Advanced Tech-
nology Attachment (PATA), Small Computer System Inter-
tace (SCSI), Enhanced Small Device Interface (ESDI), and
Intelligent Drive Electronics (IDE).

The scheduler SCH receives an input request set from the
host mtertace HOST I/F, and then schedules the input
request set to output the scheduled iput request set as an
output request set. The scheduler SCH may transmit the
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output request set to the processor PROS. A structure and
scheduling method of the scheduler SCH has already been
described above.

The processor PROS controls the memory controller Cirl
to transmit/receive data to/from the memory MEM in
response to operation requests included 1n the output request
set outputted from the scheduler SCH. The scheduler SCH,
processor PROS, and memory controller Ctrl of the SSD
may be integrated into a single ARM processor. Information
needed for operating the processor PROS may be loaded on
the RAM. Data to be transmitted to the memory MEM, or
data received from the memory MEM may be temporarily
stored 1nto the cache buller CBUF. The cache bufier CBUF
may be an SRAM or the like.

FIG. 18 illustrates one possible physical configuration for
a memory associated with a scheduler according to an
embodiment of the 1inventive concept.

Referring to FIG. 18, the memory MEM has a physical
structure constituted of memory blocks MBL1 to MBL4 and
pages P1 to P40. Also, the memory MEM may include a
plurality of chips CH1 and CH2. The memory MEM of FIG.
18 may be a flash memory, and may be included 1 a
memory device such as the SSD of FIG. 17.

FIG. 18 illustrates just one example of many different
configurations including a number of chips CH, memory
blocks MBL, and pages P within the memory MEM. The
s1ze or sizes of the memory block MBL and page P1 to P40
may be differently determined for each flash memory device.
For instance, a flash memory, which has a total capacity of
16 megabytes, capacity of 16 kilobytes for each memory
block MBL, and capacity of 512 bytes for each page P, 1s
constituted of 1024 memory blocks MBL, each of which has
32 pages P.

Data write and read operations are performed on a per-
page basis, and an electrical erase operation 1s performed on
a per-block basis. Before the data write operation, the erase
operation needs to be performed on the memory block MBL.

Referring to FIGS. 8 and 18, one logical block BL of the
memory MEM may correspond to one physical page P. Also,
the zones Z1 to Z4 of the memory MEM may be determined
on the basis of size of the memory block MBL. For instance,
the number of logical blocks BL included in one zone ZN of
the memory MEM may be the same as the number of pages
P included in one memory block MBL.

Referring to FIGS. 8, 17, and 18, for performing the data
write and read operations in response to operation requests
in the SSD, an address converting operation needs to be
performed for converting the logical address AD indicated
by address information into a physical address of the
memory MEM. The address converting operation may be
performed through a mapping table. The mapping table may
be stored in the memory MEM, and may be loaded on the
RAM.

A mapping method 1s classified mto a page mapping
method, block mapping method, and hybrid mapping
method according to a unit of mapping.

A mapping operation 1s performed on a per-page basis
according to the page mapping method, and 1s performed on
a per-block basis according to the block mapping method.
According to the hybrid mapping method, the plurality of
memory blocks MBL1 to MBL4 included in the memory
MEM are classified 1mnto a data block and a log block. The
block mappmg method 1s used for the data block, and the
page mapping method 1s used for the log block. The hybrid
mapping method 1s also called a log block mapping method.

According to the page mapping method, the address
converting operation 1s performed on a per-page basis. In
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this case, the mapping table may define one-to-one corre-
spondence between a plurality of logical addresses AD and
a plurality of physical addresses P1 to P40. Therefore, 1n the
case of the page mapping method, a size of the mapping
table 1s very large. However, due to the capacity of the RAM
and for efliciency, a whole part of the mapping table may not
be loaded on the RAM, but a sub mapping table may be
loaded thereon. The sub mapping table includes just partial
correspondences among a pl lurality of correspondences
included in the mapping table. In other words, the sub
mapping table 1s included in the mapping table.

A map hit means that the logical address AD of an
operation request requiring an address conversion 1n the sub
mapping table loaded on the RAM exists. If the map hit does
not occur, a sub mapping table different from a previously
loaded sub mapping table 1s loaded on the RAM. Whenever
a diflerent sub mapping table 1s loaded on the RAM, the
performance of an operation request 1s delayed. If a map hat
ratio 1s increased, the delay may be prevented so that the
overall performance of the SSD may be improved.

The logical address AD defined 1n the sub mapping table
may be a plurality of continuous logical addresses AD.
Therefore, 11 spatial locality of the logical addresses AD 1s
improved for a plurality of operation requests, the map hit
ratio may be increased.

For instance, the sub mapping table may be loaded on the
RAM on a per-zone basis. If the zone crossing occurs (refer
to FIG. 14) when the sub mapping table 1s loaded on a
per-zone basis, a sub mapping table different from the
previously loaded sub mapping table 1s loaded on the RAM.

The scheduler according to an embodiment of the mven-
tive concept may reduce the number of occurrences of zone
crossings by improving the spatial locality of logical
addresses for a plurality of operation requests included 1n an
output request set. Therefore, the map hit ratio may be
increased, and thus, the overall performance of the SSD may
be 1mproved.

According to the block mapping method, the address
converting operation 1s performed on a per-block basis.
When one zone ZN corresponds to one memory block MBL,
the mapping table may define one-to-one correspondence
between the plurality of zones Z1 to Z4 and the plurality of
memory blocks MBL1 to MBL4. For 1nstance, the mapping
table may define that the zone Z2 corresponds to the memory
block MBL4. The block BL which 1s included 1n the zone Z2

and has a logical address AD of 14 may correspond to a page
P36 which 1s a fourth page of the memory block MBL4 due
to offset. In this case, 11 the zone crossing occurs, the
memory block 1s also changed. Thus, the chip CH may also
be changed.

However, 11 the chip CH is changed, an access time of the
memory MEM 1s delayed. Therefore, if the number of
occurrences ol zone crossings 1s reduced by improving
spatial locality of logical addresses, the access time of the
memory MEM may be shortened.

The scheduler according to an embodiment of the mven-
tive concept may reduce the number of occurrences of zone
crossings by improving the spatial locality of logical
addresses for a plurality of operation requests included 1n an
output request set. Therefore, the delay of the access time of
the memory MEM may be prevented, and thus, the overall
performance of the SSD may be improved.

According to the hybrid mapping method in which the
block mapping method 1s used for a data block and the page
mapping method 1s used for a log block, the log block and
the data block may be interconnected using various meth-
ods. For 1nstance, one log block may be interconnected with
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one data block, or a plurality of log blocks may be inter-
connected with a plurality of data blocks.

When an operation request 1s an overwrite request, data 1s
written on a log block. Herein, the log block 1s a memory
block allocated to be interconnected with the data block
mapped to a logical address of the operation request. When
an operation request 1s not an overwrite request but a write
request, data may be written on a page in a data block
mapped to a logical address of the operation request.

When data 1s overwritten, the page on which the data 1s
overwritten 1n a log block becomes a valid page, and the
page on which previous data prior to the overwrite operation
1s written becomes an invalid page.

If there 1s no available log block when the overwrite
request occurs, the memory device may perform a merge
operation. According to the merge operation, valid pages of
a log block and valid pages of a data block are copied to
another data block, and the log block and the data block are
erased. According to the hybrid mapping method, mvalid
pages may be deleted by performing the merge operation.
The deletion of mvalid pages 1s called a garbage collection.

However, the copy of multiple pages and the erase of
multiple memory blocks degrade the performance of a
memory device. That 1s, a frequent merge operation may
degrade the performance of a memory device.

According to certain embodiments of the inventive con-
cept, spatial locality of logical addresses may be improved
for a plurality of operation requests. I1 the spatial locality 1s
improved, 1t 1s highly likely that logical addresses of a
plurality of operation requests are mapped to the same data
block. When an operation request 1s a write request, a page
utilization ratio of a log block may be increased. If the page
utilization ratio of a log block 1s increased, a newly allocable
spare capacity of a log block 1s increased, and thus, a
frequency of the merge operation may be decreased. There-
fore, the performance of the SSD may be improved. Par-
ticularly, when one zone ZN corresponds to one memory
block MBL, the page utilization ratio of a log block may be
turther increased.

Schedulers according to embodiments of the mmventive
concept may improve processing speed of the SSD by
performing the scheduling operation by using a zone
standby unit which corresponds to a zone ZN even though
write operations occur with random logical addresses.

As described above, even though different mapping
method may be used, the time taken for a memory device to
perform an operation request may be shortened 11 spatial
locality of logical addresses 1s improved for a plurality of
operation requests. Therefore, the overall performance of a
memory device may be improved.

Therefore, according to an embodiment of the mmventive
step, spatial locality of logical addresses may be improved
for a plurality of operation requests by using a zone standby
unit which corresponds to a zone of a memory. Therefore, a
scheduler capable of efliciently scheduling a plurality of
operation requests to a memory may be provided.

Although 1t 1s 1llustrated in FIG. 17 that the scheduler 1s
included in the memory device, 1.e., the SSD, the scheduler
may be disposed outside of the memory device.

FIG. 19 1s a block diagram illustrating a computation
system including a memory and memory device (e.g., a
SSD) being operated by a scheduler according to an embodi-
ment of the inventive concept.

Referring to FIG. 19, a computational system CSYS
includes a scheduler SCH, a processor CPU, a user interface
UI, and a SSD, which are electrically connected to a bus

BUS. The SSD includes an SSD controller SCTRI. and a
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memory MEM. Unlike the SSD of FIG. 17, the scheduler
SCH 1s disposed outside of the SSD of FIG. 19. The
scheduler SCH may transmit an output request set to the
SSD. For instance, the SSD of FIG. 19 may be configured
with the SSD of FIG. 17 without including the scheduler
SCH.

The computational system CSYS may further include a
power supply device PS. Also, the computational system
CSYS may further include a system memory (e.g. RAM).

In the case that the computational system CSYS 1s a
mobile device, a battery for supplying power to the mobile
device and a modem such as a baseband chipset may be
additionally provided. Also, 1t would be obvious to those
skilled 1n the art that the computational system CSYS may
further include an application chipset, a camera 1mage
processor (CIS), a mobile DRAM, and the like. Thus,
detailed descriptions thereof are not provided.

FIGS. 20 and 21 respective illustrate a network system
NSYS mcluding a scheduler SCH according to an embodi-
ment of the mventive concept.

Referring to FIGS. 20 and 21, the network system NSYS
may 1nclude a server system SSYS and a plurality of
terminals TEM1 to TEMn connected to each other through
a network. The server system SSYS may include a server,
which processes requests recerved from the terminals TEM1
to TEMn, and a SSD, which stores data DTA1 to DTAn

corresponding to the requests received from the terminals
TEM1 to TEMn. The scheduler SCH according to an
embodiment of the inventive concept may be included 1n the
SSD (FIG. 20) or 1n the server (FIG. 21).

The SSD of FIG. 20 may be the SSD of FIG. 17.

The SSD of FIG. 21 may be configured with the SSD of
FIG. 17 without including the scheduler SCH.

While the mventive concept has been particularly shown
and described with reference to illustrated embodiments
thereof, it will be understood that various changes 1n form
and details may be made therein without departing from the
scope of the following claims.
What 1s claimed 1s:
1. A scheduling method comprising;:
storing each of a plurality of operation requests received
in an iput request set within one of a plurality of zone
standby units corresponding to a logical address 1den-
tified by the operation request, each zone standby unit
corresponding to one of a plurality of zones, each zone
comprising multiple memory blocks, each of the
memory blocks of each zone uniquely identified by a
different logical address, and the memory blocks within
a zone 1dentified by nelghbormg logical addresses;

determining a processing sequence of the operation
requests stored 1n the plurality of zone standby units;
and

outputting an output request set comprising the operation

requests arranged on the basis of the processing
sequence,

wherein the determining of a processing sequence of the

operation requests stored in the plurality of zone
standby units comprises:

generating zone information mdicating a lastly processed

zone standby unit among a plurality of zone standby
units 1 a previous output request set previously out-
putted before the output request set;

generating, for each zone standby unit, a standby number

indicating the number of operation requests stored 1n
the zone standby umt; and

generating the processing sequence on the basis of the

zone mmformation and the standby numbers.
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2. The scheduling method of claim 1, wherein the deter-
mimng ol the processing sequence on the basis of the zone
information and the standby numbers comprises determin-
ing that a zone standby unit indicated by the zone 1informa-
tion 1s firstly processed.

3. The scheduling method of claim 2, wherein the deter-
mimng ol the processing sequence on the basis of the zone
information and the standby numbers comprises determin-
ing the processing sequence according to a descending order
of the standby numbers with respect to zone standby units
except for the zone standby unit indicated by the zone
information among the plurality of zone standby units.

4. The scheduling method of claim 3, wherein the deter-
mimng of the processing sequence according to a descend-
ing order of standby numbers comprises determining the
processing sequence according to the descending order of
standby numbers that are larger than a reference value.

5. The scheduling method of claim 1, further comprising
updating the zone information to indicate a lastly processed
zone standby unit 1 the output request set.

6. The scheduling method of claim 1, wherein:

cach of the operation requests comprises deadline infor-

mation idicating a deadline of the operation request,
and

the method further comprises determining the processing

sequence on the basis of the deadline information.

7. The scheduling method of claim 1, further comprising;:

dividing each zone standby unit, having a standby number

that 1s larger than a first reference value, into a plurality
of sub-zone standby units; and

merging zone standby units, which have standby numbers

smaller than a second reference value and are adjacent
to each other among the plurality of zone standby units,
into one super zone standby unit.

8. The scheduling method of claim 7, wherein 1n the
determining of the processing sequence on the basis of the
zone 1nformation and the standby numbers, when the
standby number of a first zone standby unit which 1s not
divided nor merged among the plurality of zone standby
units, the standby number of a second zone standby unit
which 1s one of the plurality of sub-zone standby units and
the standby number of the super zone standby unit are the
same, the processing sequence 1s determined 1n the order of
the second sub-zone standby unit, the first zone standby unat,
and the super zone standby unit.

9. The scheduling method of claim 1, wherein:

cach of the operation requests further comprises address

information indicating a logical address, a write com-
mand, and data, and

for each operation request, the data 1s written on a

memory block of the logical address indicated by the
address information among the memory blocks 1n
response to the operation request.
10. A scheduling method for a memory, the method
comprising:
storing each of a plurality of operation requests received
in an mput request set within one of a plurality of zone
standby units corresponding to a logical address 1den-
tified by the operation request, each zone standby umit
corresponding to one of a plurality of zones, each zone
comprising multiple memory blocks, each of the
memory blocks of each zone uniquely identified by a
different logical address, and the memory blocks within
a zone 1dentified by neighboring logical addresses;

generating arrangement information needed to arrange the
operation requests;
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determiming a processing sequence of the operation
requests stored 1n the plurality of zone standby units, on
the basis of the arrangement information; and

outputting an output request set comprising the operation
requests arranged on the basis of the processing
sequence,

wherein the generating of arrangement information

needed to arrange the operation requests comprises:
extracting deadline information included in the operation
requests;

generating zone information mdicating a lastly processed

zone standby unit among the plurality of zone standby
units 1n a previous output request set previously out-
putted before the output request set; and

generating, for each of the zone standby units, a standby

number indicating the number of operation requests
stored 1n the zone standby unit.

11. The scheduling method for a memory of claim 10,
wherein the memory blocks are a base unit on which each of
the operation requests 1s performed.

12. The scheduling method for a memory of claim 10,
wherein:

cach of the operation requests comprises a write com-

mand, address information, and data,
for each operation request, the address information com-
prises a logical address of a zone which 1s an object of
the operation request among the plurality of zones, and

the method further comprises, in order to perform an
operation corresponding to each of the operation
requests, performing the operation after converting the
logical address to a physical address of memory cor-
responding to a zone that 1s an object of the operation
request.

13. The scheduling method for a memory of claim 10,
wherein the determining of the processing sequence of the
operation requests comprises extracting an operation request
facing an imminent deadline based on the deadline infor-
mation, among the operation requests, and firstly processing
the operation request facing the imminent deadline.

14. The scheduling method for a memory of claim 10,
wherein the determining of the processing sequence of the
operation requests comprises, when no operation request
facing an imminent deadline 1s detected based on the dead-
line information, firstly processing an operation request
stored 1n a zone standby unit indicated by the zone infor-
mation.

15. The scheduling method for a memory of claim 10,
wherein the determining of the processing sequence of the
operation requests comprises, when it 1s determined that
there 1s no operation request facing an imminent deadline
among the operation requests, based on the deadline infor-
mation, determining the processing sequence according to a
descending order of the standby numbers with respect to the
zone standby units, except for a zone standby unit indicated
by the zone information among the plurality of zone standby
units.

16. A scheduling method for a memory of an electronic
device, the method comprising:

grouping memory blocks having neighboring addresses

into a plurality of zones among multiple memory
blocks corresponding to a virtual space;

storing each of a plurality of operation requests recerved

in an input request set within one of a plurality of zone
standby units corresponding to a logical address 1den-
tified by the operation request, each zone standby umit
corresponding to one of the plurality of zones, each
zone comprising multiple memory blocks, each of the
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memory blocks of each zone uniquely identified by a
different logical address, and the memory blocks within
a zone 1dentified by neighboring logical addresses;

determining a processing sequence of the operation
requests stored in the plurality of zone standby units; 5
and

outputting an output request set comprising the operation
requests arranged on the basis of the processing
sequence, wherein

the memory blocks are a base unit on which an operation 10
according to each of the operation requests i1s per-
formed,

wherein the determiming of the processing sequence of the
operation requests stored in the plurality of zone
standby units comprises: 15

detecting an operation request, among the operation
requests, having an imminent deadline according to a
reference time;

detecting a lastly processed zone standby umit among a
plurality of zone standby units 1 a previous output 20
request set previously outputted before the output
request set; and

detecting, for each zone standby umit, a standby number
indicating the number of operation requests stored 1n
the zone standby unit. 25

17. The method of claim 16, wherein each zone standby

unit and a zone corresponding to the zone standby unit are
dynamically allocated according to the standby numbers.
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